Supplemental Figures and Figure Legends
(A) Enhanced ER-to-PM connection induced by 100 µM histamine monitored by TIRF microscopy in MAPPER-expressing HeLa cells transfected with a PM marker. Scale bar, 2 µm.
(B) Enhanced ER-to-PM connection induced by 1 µM TG monitored by TIRF microscopy in HeLa cells co-transfected with the ER marker and a PM marker. Scale bar, 2 µm. (B) The contours of half maxima for the corresponding regions in (A) illustrating the sizes and shapes of these representative ER-PM junctions before and after TG treatment.
(C) A representative illustration of double-Gaussian fitting employed to obtain the principal axes and to quantify the axis lengths of an ER-PM junction. was added to cells to overcome BAPTA chelation and trigger a rise in cytosolic Ca 2+ (phases III and IV). Time-lapse TIRF images of MAPPER in a representative cell are shown. Scale bar, 2 µm. See also Movie S3.
(B) Changes in cytosolic Ca 2+ levels monitored by the intensity ratio of Fura-2. Mean ± SD from three independent experiments are shown.
(C and D) Quantification of changes in intensities (C) and densities (D) of ER-PM junctions monitored as described in (A). Mean ± SD from at least three independent experiments are shown. (A) E-Syt1 translocation induced by 1 µM TG monitored by confocal microscopy in HeLa cells co-transfected with mCherry-E-Syt1 and YFP-ER. Scale bar, 10 µm. See also Movie S4.
(B) E-Syt1 translocation to ER-PM junctions induced by 1 µM TG monitored by TIRF microscopy in MAPPER-expressing HeLa cells transfected with mCherry-E-Syt1. Scale bar, 2 µm.
(C) Changes in E-Syt1 localization and GEM-GECO1 intensity (CFP emission) monitored by confocal microscopy during UV illumination-induced Ca 2+ uncaging in NP-EGTA-loaded HeLa cells co-transfected with mCherry-E-Syt1 and GEM-GECO1. Scale bar, 10 µm.
(D) Relative changes in cellular GEM-GECO1 intensities (CFP emission/GFP emission) and ESyt1 translocation to ER-PM junctions monitored as described in (C). Shown are the average traces of four cells.
(E and F) Confocal images of HeLa cells transfected with E-Syt1-D406A (E) or E-Syt1-D724A (F) before and after 1 µM TG treatment. Scale bar, 10 µm.
(G-I) Translocation of C-terminally tagged E-Syt1 induced by Ca 2+ uncaging monitored by confocal microscopy in HeLa cells transfected with E-Syt1-mCherry (G), E-Syt1-D406A-mCherry (H), or E-Syt1-D724A-mCherry (I). Scale bar, 10 µm. (A) Enhanced ER-to-PM connection induced by 1 µM TG monitored by TIRF microscopy in MAPPER-expressing HeLa cells transfected with siControl or siE-Syt1_cds. Scale bar, 2 µm.
(B) Quantification of MAPPER intensity changes from imaging experiments as shown in (A).
Mean ± SD are shown (6 to 8 cells from at least 4 independent experiments). *P < 0.05 and ***P < 0.001. (A) Changes in Tubby-GFP intensity induced by 100 µM histamine monitored by TIRF microscopy in HeLa cells co-transfected with H1 receptor, Tubby-GFP, and control (mCherry-N1 vector) or Nir2-mCherry. Mean ± SEM are shown (5 to 8 cells from 2 independent experiments).
(B) Translocation of the Nir2-T59E,N90F mutant induced by 100 µM histamine monitored by TIRF microscopy in HeLa cells co-transfected with H1 receptor and Nir2-T59E,N90F-mCherry. Scale bar, 2 µm.
(C) Changes in PLCδ-PH intensity induced by 100 µM histamine monitored by TIRF microscopy in HeLa cells co-transfected with H1 receptor, GFP-PLCδ-PH, and control, Nir2-mCherry or Nir2-T59E,N90F-mCherry. Mean ± SEM are shown (18 to 27 cells from 3 independent experiments).
(D and E) VAP-B and Nir2 or Nir2-FM (FFAT mutant) translocation induced by 100 µM histamine monitored by TIRF microscopy in HeLa cells co-transfected with H1 receptor, VAP-B-YFP, and Nir2-mCherry (D) or Nir2-FM-mCherry (E). Scale bar, 2 µm. Enhanced ER-to-PM connection induced by 1 µM TG in MAPPER-expressing HeLa cells monitored by TIRF microscopy. Scale bar, 2 µm.
Movie S2. Enhanced ER-to-PM connection monitored by the ER marker. Related to Figures 2 and S2.
Enhanced ER-to-PM connection induced by 1 µM TG in HeLa cells expressing the ER marker monitored by TIRF microscopy. Scale bar, 10 µm.
Movie S3. Elevation of Cytosolic Ca 2+ Enhances ER-to-PM Connection. Related to Figures 2 and S4.
Changes in MAPPER-labeled ER-PM junctions monitored by TIRF microscopy in HeLa cells loaded with BAPTA-AM as described in Figure S4 legend. Scale bar, 2 µm.
Movie S4. E-Syt1 Translocation to ER-PM Junctions During Ca 2+ Signaling. Related to Figures 2 and S5.
E-Syt1 translocation induced by 1 µM TG monitored by confocal microscopy. Scale bar, 10 µm.
Movie S5. Dynamic Translocation of E-Syt1 to ER-PM Junctions Induced by Histamine Stimulation. Related to Figures 2 and S5.
E-Syt1 translocation induced by 100 µM histamine monitored by TIRF microscopy. Scale bar, 10 µm.
Movie S6. Nir2 Translocation to ER-PM Junctions Induced by Histamine Stimulation. Related to Figure 4.
Nir2 translocation induced by 100 µm histamine in HeLa cells co-transfected with H1 receptor monitored by TIRF microscopy. Scale bar, 2 µm.
Extended Experimental Procedures

MAPPER-s and MAPPER construction
MAPPER-s was constructed by replacing the mCherry-STIM1 portion of SP-mCherry-STIM with four consecutive fragments: 1) GFP or YFP; 2) STIM1 transmembrane (TM) domain (aa 195-240) with a downstream (GA) 6 linker PCR amplified from SP-mCherry-STIM1; 3) FKBP12-rapamycin-binding (FRB) with a downstream (SAGG) 3 linker PCR amplified from a FRB-STIM1 plasmid (Luik et al., 2008) ; 4) the polybasic tail (PB) digested from YFP-Rit tail (Heo et al., 2006) using EcoRI and BamHI. To generate MAPPER, two helical linkers, (EAAAR) 4 and (EAAAR) 6 , were cloned into the upstream and downstream flanking regions of the FRB, respectively. miniSOG-MAPPER was generated by insertion of PCR amplified miniSOG in between the SP and YFP of MAPPER using In-Fusion-HD cloning kit (Clontech, Mountain View, CA).
Electron Microscopy
Cells were fixed in 4% paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4, containing 7.5% sucrose for 30 minutes at room temperature. Fixed cells were washed with 0.1 M PB and placed on ice. All subsequent steps were done at 4 °C. Aldehydes were blocked with 50 mM ammonium chloride for 15 minutes, and then cells were washed first with PB and then transferred to 0.1 M cacodylate buffer, pH 7.4. Non-specific staining was blocked by incubating the cells with 50 mM glycine, 10 mM KCN, and 20 mM aminotriazole in 0.1 M cacodylate for 30 minutes. Fresh diaminobenzidine tetrahydrochloride (DAB) was prepared at concentration of 1 mg/ml, filtered through a 0.22-µm filter, and placed on ice. Aminotriazole was added to a concentration of 20 mM to the DAB solution prior to DAB addition to the cells to lower nonspecific background. DAB solution was added to the cells, and oxygen was bubbled over the dishes. Cells of interest were identified with the Leica TCS SP5 confocal microscope and were photobleached with FITC filter set with an Osram short arc lamp HXP for 3 to 5 minutes. Multiple regions on the same dish were exposed with a change in DAB solution after each exposure. DAB was removed from the cells. Dishes were rinsed with 0.1 M cacodylate buffer, fixed with 2% glutaraldehye in 0.1 M cacodylate buffer for 20 minutes and rinsed and post-fixed with 1% OsO4 containing 0.08% potassium ferricyanide in 0.1 M cacodylate buffer for 60 min in the dark. After rinsing with buffer and water, dishes were stained en bloc with 4% uranyl acetate in 50% ethanol for 60 minutes, dehydrated through graded series of ethanol, infiltrated with Epon resin (2:1 and 1:2; ethanol and resin ratios), and embedded in 100% Epon. Beem capsules containing 100% resin were placed over the MatTek coverslip, and samples were polymerized in an oven overnight. The method for MAPPER immunogold staining was described previously (Yamamoto and Masaki, 2010) . Ultrathin sections were cut on a microtome, placed on 100 mesh formvar-coated grids and imaged on the FEI Tecnai Spirit G2 electron microscope at 120 keV equipped with a Gatan CCD camera.
Intracellular Ca 2+ Imaging
HeLa cells were loaded with 0.5 µM fura-2 AM in ECB containing 0.05% pluronic F-127 and 0.1% of BSA for 30 minutes at room temperature. Loaded cells were then washed twice with ECB containing 0.1% BSA, and incubated in ECB for another 15-30 minutes before the experiments. Single-cell Ca 2+ images were taken with a 4X objective and an automated microscope custom-built on Nikon Eclipse Ti microscope. Intracellular Ca 2+ levels were indicated by the ratio of the fluorescence intensity at 510 nm excited at 340 nm over that excited at 380 nm (F340/F380).
Live-Cell Stimulated Emission Depletion (STED) Imaging and Analysis
Images were acquired with a home-built CW STED microscope as previously described (Yang et al., 2013) . Live-cell STED images of HeLa cells stably expressing MAPPER were acquired over an area up to 20 μm by 20 μm with a pixel size of 25 nm and a dwell time of 20 μs per pixels. The STED images shown were processed by a mean filter of 2 pixels, background subtraction of 50 pixels, and contrast stretching using ImageJ. The noise of STED images was first removed by a mean filter of 0.5 pixels. ER-PM junctions from the filtered images were analyzed using a fitting routine written in MATLAB with a two-dimension Gaussian function to statically estimate their width along the direction of major or minor axis of the fitted Gaussian function.
Image Analyses
To determine the intensity change of individual ER-PM junctions from TIRF images, at least 30 stable puncta labeled by MAPPER-s or MAPPER were selected in each cell. The intensity traces of selected puncta from the same cell were background subtracted, normalized to time zero, and averaged. To obtain the total number of ER-PM junctions in each cell, TIRF images of cells expressing MAPPER-s or MAPPER were background subtracted and subjected to Fourier transform with a high-pass filter to create "binary-like" images that help identify dim puncta and define the edges. The transformed images were subjected to threshold analysis to obtain the total number of ER-PM junctions. PM areas detected by a fluorescent PM marker were measured to obtain the density of ER-PM junctions. For the analyses of E-Syt1 or Nir2 translocation, puncta of E-Syt1 or Nir2 from TIRF or confocal images were selected. The intensity traces of selected regions from the same cell were background subtracted, normalized to time zero, and averaged. To determine the maximal fold increase of Nir2 at ER-PM junctions, moving averages of 5 consecutive data points were applied to smooth out the fluctuations of Nir2 translocation traces.
